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wherein: 



M is a transition metal of groups 3, 4-10 of the periodic 
table of the elements, Each X group can be equal or 
different and it is hydride, haiogen, aikyi, cycioaikyi, aryi, 
alkenyl, arylalkyl, arylalkenyl or alkylaryl with 1 to 20 car- 
bon atoms, linear or branched. L is a neutral Lewis base 
A is a ring with delocalized n electrons, that directly co- 
ordinates to the transition metal M. Each E group can 
be equal to or different from each other and it is BR ni , 
CR IV 2 , SiR ni 2s GeR ,!, 2 ; at least one E is SiR'» 2 . R» is hy- 
drogen, alkyl, cycioaikyi, aryl, alkenyl, arylalkyl, aryla- 
lkenyl or alkylaryl from I to 20 carbon atoms, linear or 
branched, whose hydrogens can be substituted by SiR 3 , 
GeR 3 , OR , NR 2 , OSiR 3 or any combination of thereof. 
It can moreover form a condensed ring through another, 
bond with E. 
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Description 

The present invention relates to new organometallic catalysts, to the process for preparation thereof and their use 
for the polymerization and copolymerization of ethylene and alpha-olefins in industrial production plants. 

There is a great variety of processes and catalysts useful for the homo- and copolymerization of olefins. Catalytic 
systems such as Ziegler-Natta are typically able to produce polyolef ins with high molecular weight and broad distribution 
of molecular weight. However, for many industrial applications it is. of the greatest importance to obtain polyolefins 
characterized by a high molecular weight, and narrow molecular weight distribution. Besides, with these Ziegler-Natta 
type of catalysts, to obtain copolymers with fit comonomer contents it is necessary to use high comonomerAnonomer 
molar ratios in the feed and as a consequence the industrial process' becomes enormously more expensive. 

In the last years there has been the development of organometallic catalytic metallocene systems, that, combined 
with non-coordinative anions, alkylaluminoxanes or boron perflubrinated* compounds (US 4542199 and EP 426637) 
allow to obtain polyolefins with narrow distributions of molecular weight and high molar comonomer contents. However, 
the molecular weights are not as high as it would be useful to give the polymer the desired properties. Besides, these 
molecular weights suddenly lower when the comonomer content increases, or when the polymerization temperature 
rises. 

in EP 41 681 5 and EP 420436 there is the description of a new type of organometallic catalysts in which a transition 
metal is coordinated to a cyclopentadienyl ring and to a heteroatom. These organometallic compounds, when they are 
activated with alkylaluminoxanes, are able to produce ethylene polymers with high molecular weight and narrow dis- 
tribution of molecular weight. They moreover own a great effectiveness in comonomer incorporation. However, when 
the comonomer content of the polymeric chain is increasing, the molecular weight sensibly decreases. 

Therefore it is an object of the present invention to provide new compounds, useful in the (co)polymerization of 
alpha-olefins, in particular in the (co)polymerization of ethylene, which can produce polymers with high molecular 
weights. Besides, these catalysts are especially efficient in the comonomer incorporation, and produce copolymers 
with totally random distributions of the comonomer. 

The organo metallic complexes (catalysts) disclosed in the present invention are characterized by the following 
general formula I: 




0) 



wherein: 

M is a transition metal of groups 3, 4-10 of the periodic table of the elements, lanthanide or actinide, preferably 
titanium, zirconium or hafnium. 

Each X group, equal to or different from each other, is hydrogen, halogen, alkyl, cycloalkyl, aryl, alkenyl, arylalkyl, 
arylalkenyl or alkylaryl with 1 to 20 carbon atoms, linear or branched, the hydrogens of these groups optionally 
are substituted by SiR 3 , GeR 3 , OR, NR 2 , OSiR 3 groups or any combination thereof wherein R is selected from the 
group comprising: hydrogen, C,-C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryi, Cy-Cgo alkenyl, Cy-C^ arylalkyl, C 7 -C 20 
arylalkenyl or alkylaryl, branched or linear. 

n is a number whose value is: 0. 1 , 2 or 3, in order to fill the remaining free valences of the metal M; 

L is a neutral Lewis base such as dietylether, tetrahydrofurane, dimethylaniline, aniline, triphenilphosphine, n- 

butylamine, etc. 

z is a number whose value is: 0, 1, 2 or 3. 

A is a ring with delocalized n electrons, that directly coordinates to the transition metal M. Preferably A is a cy- 
clopentadienyl type of ring of formula C s F< ] Ai wherein each R' group, equal to or different from each other is hydrogen, 
C r C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl,C 7 -C 20 alkenyl, C 7 -C 20 arylalkyl, Cy-C^ arylalkenyl or alkylaryl, branched 
or linear, the hydrogens of these groups optionally are substituted by SiR 3 , GeR 3 , OR. NR 2 , OSiR 3 groups or any 
combination thereof wherein R is above defined. R' is also selected from the group comprising SiR 3 , GeR 3 . OR, R 2 N, 
OSiR 3 groups or any combination thereof. Two adjacent R' optionally unite in order to form a saturated or unsaturated 
polycyclic cyclopentadienyl ring such as indenyl, tetrahydroindenyl, fluorenyl or octahydrofluorenyl, optionally substi- 
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tuted with R l groups. 

R" is hydrogen, alkyl, cycloalkyl, aryl, alkenyl, arylalkyl, arylalkenyl or alkylaryl from 1 to 20 carbon atoms, linear 
or branched, whose hydrogens are optionally substituted by SiR 3 , GeR 3 , OR, NR 2 , OSiR 3 groups or any combination 
thereof wherein R is above defined; it optionally forms a condensed ring through another bond with E. Preferably R" 
5 is tertbutyl. 

Each E group, equal to or different from each other, is BR 111 , CR ,V 2 , SiR"» 2 , GeR ,n 2 ; at least one E is SiR l,J 2 i Pref- 
erably the bridge E-E is CR ,v 2 -SiR m 2 . Each R 1 ", equal to or different from each other, is hydrogen, alkyl, cycloalkyl, 
aryl, alkenyl, arylalkyl, arylalkenyl or alkylaryl with 1 to 20 carbon atoms, linear or branched, whose hydrogens optionally 
are substituted by SiR 3 , GeR 3 , OR, NR 2 , OSiR 3 groups or any combination thereof wherein R is above defined; R ,v 
io has the same meaning of R m or it is halogen; besides two groups selected from R ,v and R IU belonging to different E 
~ optionally form a cyclic structure. 

The catalysts component of genera! formula I, can be suitably prepared through reaction of a compound of general 
formula M'-A-E-E-NR ,I -M\ wherein M' is Li, Na or K, with a metal M compound, preferably of formula MX4 or with an 
adduct of formula MX4 2L or MX 3 3L, where X is above defined and L preferably is a linear or cyclic ether as for example: 
is ethylic ether, tetrahydrofurane, dim etoxy ethane, etc. 
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The compound of general formula M'-A-E-E-NR^M' can be suitably prepared through reaction of HA-E-E-NR U H 
with two equivalents of an alkyl or aryl alkali metal salt, or with an alkali metal hydride or an alkaline metal: 



HA E— E— NR"H + < 



2M'II 
2M' 



M'A- 



-E — NR"M' 



Wherein R c is C r C 20 alkyl or C 6 -C 20 aryl. 

Alternatively, alkyl magnesium salts, which are obtained in the same way, can be used, but using an alkyl magne- 
sium halide instead of alkyl lithium! 

When the bridge E-E is SiR m 2 -CR ,v 2 , the compound HA-SiR»' 2 -CR ,v 2 -NR ll H can be suitably prepared starting 
from, a compound of general formula HA-SiR m 2 -CR ,v 2 -OH or its lithium salts. The process comprises the following 
steps: 

a) reacting a compound of formula HA-SiR ,n 2 -CR ,v 2 -OJ wherein J is lithium or hydrogen with an alkyl- or aryl- 
sulphonates according to the scheme: 

HA-SiR U, 2 -CR IV 2 -OJ + CIS0 2 R a ~>HA-SiR m 2 -CR ,V 2 -OS0 2 R a 

b) contacting the recovered product of step a) with an excess of an amine of formula NR U H 2 

HA-SiR n, 2 -CR ,V 2 -OS0 2 R a + H 2 NR U -> HA-SiR ,,, 2 -CR ,V 2 -NHR 11 + HNR l, -OS0 2 R a 
wherein R a is C r C 20 alkyl, perfuoralkyl or Cg-C^ aryl radical. 

During the process for obtaining the intermediate compound of formula HA-E-E-NR n H and their alkali metal or 
magnesium halide salts, as well as the organometallic complexes obtained therefrom with the transition metal salts, 
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the reaction temperature is kept between -100°C and 95°C, preferably between -80° C and 80°C, operating preferably 
under nitrogen inert atmosphere. 

As non polar solvents pentane, hexane and toluene can be used; as polar aprotic solvents ethers such as diethyl 
ether, tetrahydrofurane or dimetoxyethane can be used. 
5 During the whole process, both the chemical species and the solvents were protected from oxygen and humidity. 

Theorganometallic catalysts, when stored under inert atmosphere, are active in polymerization for long periods of time. 

Non-limiting examples of compounds of general formula Tare : 

(1-fertbutylamide-2-cyclopentadienyl-1 ,1-dimethylsilaethanediyl)titanium dichloride 
10 (l-fertbutylamide-2-cyclopentadienyl-1,1-dimethylsilaethanediyl))2irconium dichloride. 

(1-fertbutylamide-2-cyclopentadienyl-1,1-dimethylsilaethanediyl)hafni 

(1-te/lbutylamide-1,1-dimeth^^ titanium dichloride 

(1 -tertbutylamide-1 ,1 -dimethylsilaethanediyl-2-(tetramethylcyclopentadienyl) zirconium dichloride 

(1-r©rtbutylamide-2-(tetramethylcyclopentadienyl)-1,1,2,2-tetramethyldisilanedi^ dichloride 
is (l-rerrbutylamide-2-(tetramethylcyclopentadienyl)-1 ,1 ,2.2-tetramethyldisilanediyl) zirconium dichloride 

(1-fertbutylamide-2-(1-indenyl)-1,1-drmethylsilaethanediyl)titanium dichloride 

(1-fertbutylamide-2-(1-indenyl)-1,1-dimethylsilaethanediyl) zirconium dichloride 

(1-fertbutylamide-2-(1-indenyl)-1,1-dimethylsilaethanediyl) hafnium dichloride 

(Wertbuty!amide-2-(1-indenyl)-1,1 ,2,2-tetrametylsilaethanediyl) titanium dichloride 
20 (l-tertbutylamide-2-(1-indenyl)-1 ,1 ,2,2-tetrametylsilaethanediyl) zirconium dichloride 

(1-fe/1butylamide-2-(1-(2methylindenyl)-1 ,1-dimethylsilaethanediyl) titanium dichloride 

(1-fertbutylamide-2-(1-(2nnethylindenyl)-1 ,1-dimethylsilaethanediyl) zirconium dichloride 

(1-te/lbutylamide 2-(9-fluorenyl) 1 ,1-dimethylsilaethanediyl)titanium dichloride 

(1-tertbutylamide 2-(9-fluorenyl) 1 ,1-dimethylsilaethanediyl) zirconium dichloride 

25 

The organometallic catalysts of formula I can be used in the polymerization and copolymerization of alpha-olefins 
through the addition of cocatalysts. These cocatalysts are compounds which can form non -coord inative anions. suc w 
as alkylaluminoxanes or boron perfluorinated compounds. Representative, but non-limiting, examples are methylaiu 
minoxane, ethylaluminoxane, dimethylanilinotetrakys(pentafluorophenyl)borane, and trispentafluorophenylborane. In 
so case boron derivatives are used, it is preferable to add to the polymerization medium little quantities of aluminium alkyls 
(TIBA, TEA, TMA, etc.). 

The catalytic systems thus prepared are fit for the polymerization of alpha-olefins with 2 to 20 carbon atoms, in 
particular for the polymerization of ethylene, and for the copolymerization of ethylene with at least one alpha-olefin 
with 3 to 20 carbon atoms, such as propylene t 1-butene, 4-methyl-pentene, 1-hexene, etc. with dienes, with cy- 

35 cloalkenes and with styrene. The polymerization can be realized through a process in solution, in suspension, in gas 
phase or in bulk at high pressure and temperature. When using a process in suspension, hydrocarbon solvents, such 
as branched or linear aliphatic hydrocarbons (hexane, heptane, isobutane, etc.), cyclic hydrocarbons (benzene, tolu- 
ene, xylene, etc.) or a mixture thereof are used as reaction medium. The. polymerization can be realized between 1 
■ and 4000 atmospheres and temperatures between -60 and 300°C, preferably between 40 and 220°C, and the polym- 

^0 erization time can vary between 20 seconds and 6 hours, according to the process. 

The used concentration of the organometallic catalyst, is from 10" 7 to 10' 3 M, preferably form 10" 6 to 10" 4 M. The 
organoaluminum compound (for example an aluminoxane) is used in a concentration from 10~ 4 to 10 _1 M, preferably 
from 10* 3 to 10- 2 M. However, bigger concentrations of both components are possible as well. When an aluminoxane 
is used as a cocatalyst, the used Al/M molar ratio ranges from 100 to 10000, preferably between 500 and 1 500. When 

4$ a boron compound is used, the molar ratio varies in the range 0.5-10, preferably between 6.9-5. 

The molecular weight of the obtained polymers can be controlled by varying the concentration of catalyst, cocatalyst 
and monomer in the polymerization medium, by varying the polymerization temperature as well as by the addition of 
regulators of the molecular weight such as H 2 . When in the preparation of the catalyst only one type of cocatalyst is 
used, polymers with narrow distributions of the molecular weight are obtained. However, when several types of catalysts 

so and/or cocatalysts are used, the obtained polymers have broad distribution of molecular weight, including also multi- 
modal distributions. 

The copolymerization reactions can be realized by using the same process as the one used in the homopolymer- 
ization process, but moreover by feeding the reaction medium with the suitable comonomer or comonomers. The 
preferred comonomer/monomer molar ratio is comprised between 0.1/1 and 5/1 . In this way, copolymers with controlled 
ss content and random distribution of comonomer are obtained. 

Figure 1 shows some examples of compounds of formula I. 

The following examples are described in order to better understand the invention. The materials, the chemical 
compounds and the conditions used in these examples are illustrative and do not limit the scope of the invention. 
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The average molecular weights in number, weight and distribution were determined through gel permeation chro- 
matography GPC or SEC. The intrinsic viscosities [t\] were obtained at 145°C through viscosimetric techniques, using 
as a solvent trichlorobenzene with 0.05% of antioxidant in order to prevent polymer degradation. 

EXAMPLE 1 

a) Preparation of 2-bromo-1-tertbutvlamino-1.1-dimethylsHaethane 

A solution of 13.5 g (72 mmol) of 2-bromo-1-chloro-1,1 -dimethvlsilaethane was prepared, 21 g (288 mmol) of 
tertbutylamine was added dropwise, the format ion. of. a whitish solid was immediately observed. The reaction was 
continued for 12 hours, then it was brought' to dryness and the resulting pasty solid was extracted wjth hexane, the • 
obtained solution was brought to dryness in order to obtain a yellow oil. (14.5 g, 64.7 mmol, yield: 90%): '■H-NMR 
(CDCI 3 ): 2.45(s,2H), 1.09(s,9H), 0.15(s,6H). 

b) Preparation of 1-te/1butylamino-2-cvclopentadienyl-1 .1 -dimethvlsilaethane 

32.7 ml of a 2.3 M solution (75 mmol) of sodium cyclopentadienide in tetrahydrofurane was added to a solution of 

1 1 .4 g (51 mmol) of 2-bromo-1 -tertbutylamino-1 ,1-dimethylsilaethane. The immediate formation of a pinkish solid was 
observed, the reaction was continued for 8 hours, then it was concentrated to dryness and it was extracted with hexane, 
the resulting solution was evaporated in order to give a yellow oil, that corresponds to a mixture of isomers (12.5 g, 60 
mmol, yield: 80%). ^-NMRfCDC^): 6.5-5.75(m,3H), 2.95(m,2H), 1.90(m,2H), 1.20(s,9H), 0.10(s,6H). 

c) Preparation of the dilithium salt of 1'f6/tbutylaminO'2"Cyclopentadienyl-1,1-dimethylsilaethane 

11.4 ml of 2.5 M solution (28.6 mmol) of butyliithium in hexane was added to a solution of 3 g (14.3 mmol) of 

1- fertbutylamino-2-cyclopentadienyl-1 f 1-dimethyllsilaethane in ether at -78°C. It was maintained under stirring for 4 
hours, at the end it was concentrated to dryness, producing a whitish solid, which was twice washed with fiexane (1.7 
g ? 7.7 mmol, yield: 54%). 

* d) Preparation of (1-fe/tbutvlamide-2-cvclopentadienyl-1 ,1-dimethvlsilaethanediyl) titanium dichloride 

A suspension of 3.42 g (15.5 mmol) of the dilithium salt of 1-terfbutylamino-2-cyclopentadienyl-1 ,1 -dimethylsila- 
ethane in toluene was prepared and it was added to a suspension of 5! 17 g (15.5 mmol) of titanium tetrachloride mixed 
with tetrahydrofurane in toluene at -78°C. The formation of a greenish solid was immediately observed, the reaction 
was left under stirring for 12 hours, the solution was filtered, obtaining a brown solution which was concentrated in 
order to give a brown solid, which was recrystallized in hexane (2.3 g, 7.1 mmol, yield: 46%). 1 H-NMR (C 6 D 6 ): 6.42 
(m,3H), 5.81 (m,3H), 1.82(s,2H), 1.60 (s,9H). 

EXAMPLE 2 

a) Preparation of (l-fe/tbutvlamide-2'CyclopentadienyM.I'dimethylsilaethanedivl) zirconium dichloride ' 

- A suspension of 1 .46 g (6.3 mmol) of zirconium tetrachloride in toluene was prepared and a suspension of 1 .4 g 
(6.3 mmol) of the dilithium salt of 1-re/tbutylamino-2-cyclopentadienyl-1,1-dimethyllsilaethane in toluene was added. 
A greenish suspension immediately was formed and it was left under stirring for 12 hours. The suspension was settled, 
filtered and concentrated, obtaining a yellow compound: (0.74 g, 2.0 mmol, yield: 32%) 1 H-NMR (C 6 D 6 ): 6.22 (m,2H), 
5.81 (m.2H), 1.73(s.2H). 1.54 (s,9H). 

EXAMPLE 3 1 
afPrsparation of 1 -terfoutylamino-2-M -indenylM .1 -dimethvlsilaethane 

A 20 g (182 mmol) solution of indenyl lithium in tetrahydrofurane was added to a solution of 41 g (182 mmol) of 

2- bromo-1 -tertbutylamino-1 ,1 -dimethvlsilaethane at 0°C. After the reaction was concentrated to dryness and the res- 
idue was extracted with hexane. Finally, the solution in hexane was concentrated to the obtainment of an orange oil: 

13.5 g (52 mmol, yield: 29%). 1 H-NMR (CDCI 3 ): 7.50(171,11-1), 7.39(m,1H), 7.35(m,1H), 7.23(m.1H). 6.17(m,1H), 3.42 
(m.2H), 2.17(m,2H), 1.22(m,9H), 0.20(m.6H). 
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b) Preparation of the dilithium salt of 1'fertbutylamino-2-(1-indeny]M .1-dimethylsilaethane. 

17.3 ml of a 2.5 M (43.2 mmol) solution of butyllithium in hexane was added to a 5.6 g (21.6 mmol) solution of 
1-fertbutylamino-2-(1-indenyl)-1,1-dimethyllsilaethane in ether at -78°C. The butane evolution was immediately ob- 
5 served and, when room temperature was achieved, it was maintained under stirring for 2 hours, then it concentrates 
to dryness and the resulting solid was twice washed with hexane in order to give a yellowish powdery solid: 5.8 g (21 
mmol, yield: 97%). 

c) Preparation of M-terfoutvlamide-2-(1-indenyl)-1 .1 -dimethyllsilaethanediylltitanium dichloride 

A suspension of 5.8 g (21 mmol) of the dilithium salt of 1-fertbutylamino-2-(1-indenyl)-1,1-dimethylsilaethane in 
ether was added to a suspension of 4. 1 g (21 .6 mmol) of titanium tetrachloride in ether at -78°C. A brown' suspension 
immediately was formed and maintained under stirring at room temperature for 12 hours. The resulting suspension 
was brought to dryness and it was extracted several times with hexane, obtaining a red solution and concentrating it 
is a dark-brown solid was fonned: 2.5 g (6.7 mmol, yield: 32%). 1 H-NMR (CDCI 3 ): 7.67(m,1H), 7.56(m,1H), 7.32(m,2H), 
6.88(m, 1 H). 6.55(m, 1 H), 2.79(m, 1 H), 2.55(m, 1 H), 1 .55(s,9H), 0.62(s,3H) i 0.61 (s,3H). 13 C-NMR (CDCI 3 ): 1 30.9, 1 28.2, 
128.0, 127.3, 126.8, 126.1, 123.4, 118.4, 112.3, 63.7, 32.8, 18.4, 7.7, 6.2. 

EXAMPLE 4 

20 

a) Preparation of h-tenl3Utvlamide-2-n-indenvO-1 .1 -dimethylsilaethanedivll zirconium dichloride 

A suspension of 5.0 g (18.5 mmol) of the dilithium salt of 1 -fe/lbutylamino-2-(1-indenyl)-1,1-dimethylsiiaethane in 
ether was added to a suspension of 4.3 g (18.5 mmol) of zirconium tetrachloride in ether at -7B°C. A yellowish sus- 

2S pension immediately forms and it was maintained under stirring at room temperature for 12 hours. The resulting sus- 
pension was brought to dryness and it was extracted several times with toluene, obtaining a yellowish solution, when 
concentrated it produced a yellow solid: 2.1 g (5 mmol, yield: 27%). 1 H-NMR (CDCI 3 ): 7.60(m,2H), 7.28{m,2H), 6.68 
(m s 1H), 6.48(m,1H), 2.57(m,1H), 2.38(m,1H), 1.50(s,9H), 0.57(s,3H), 0.62(s,3H), 0.48(s,3H). 13 C-NMR (CDCI 3 ): 
128.0, 126.8, 126.3, 126.0, 125.3, 122.3, 122.0, 117.0, 103.5, 56.6, 32.6, 16.7, 7.2, 6.3. 

30 , 

EXAMPLE 5 

To a glass reactor ot 1 liter, previously dried and outgased, 600 ml of n-heptane was added. The temperature was 
raised to 70°C and the solvent was stirred at 1200 rpm. When the thermal equilibrium was achieved, the medium was 
35 saturated with ethylene at a pressure of 4 bar. 10 ml of a MAO solution in toluene (1.5 M in total aluminium) and 2 bar 
of ethylene was added. The pressure was raised to 4 bar and 2 minutes later 0.01 mmol of the organometallic compound 
described in example 3 was added. The system was fed with ethylene for 15 minutes and then the polymerization was 
stopped by closing the ethylene flux and adding 20 ml of acidified methanol. 0.86 g of polyethylene was obtained. 

40 EXAMPLE 6 

Ethylene and 1-hexene were copolymerized. For that, the identical method as in the previous example was used, 
but once the solvent had been added and before pressurizing the reactor, 8 ml of dry and just-distilled 1-hexene were 
injected. 10 ml of a MAO solution in toluene (1 .5 M in total aluminium) and 0.01 mmol of the organometallic compound 
45 described in example 3 in toluene were used. After 15 minutes of polymerization 1.4 g of polyethylene was obtained 
with M w 198,400 and 0.7% by mol of 1-hexene distributed at random. 

EXAMPLE 7 

50 Ethylene and 1-hexene were copolymerized. For that, the identical method as in the example 5 was used, but 

once the solvent had been added and before pressurizing the reactor, 25 ml of dry and just-distilled 1-hexene were 
injected. 10 ml of a MAO solution in toluene (1 .5 M in total aluminium) and 0.01 mmol of the organometallic compound 
described in example 3 in toluene were used. After 15 minutes of polymerization 0.42 g of polyethylene was obtained 
with M w 279,000 and 1.15% by mol of 1-hexene distributed at random. 

55 

. EXAMPLE 8 

To a glass reactor of 1 liter, previously dried and outgased, 600 ml of n-heptane and 8 ml of dry and just-distilled 
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1 -hexene were added. The temperature was raised to 70°C and th solvent was stirred at 1 200 rpm. When the thermal 
equilibrium was achieved, the medium was saturated with ethylene at a pressure of 4 bar. 10 ml of a MAO solution in 
toluene (1 .5 M in total aluminium) and 2 bar of ethylene was added. The pressure was raised to 4 bar and 2 minutes 
later 0.01 mmol of the organometallic compound described in example 4 was added. The system was fed with ethylene 
for 15 minutes and then the polymerization was stopped by closing the ethylene flux' and adding 20 ml of acidified 
methanol. 5.4 g of polyethylene was obtained with 340,796 and 0.7% by mol of 1 -hexene distributed at random. 

EXAMPLE 9 

Ethylene and 1 -hexene were copolymerized. For that, the identical method as in the example 8 was Used, but 
once the solvent had been added and before pressurizing the reactor, 25 ml of dry. and. just-distilled 1 -hexene ware 
injected. 10 ml of a MAO solution in toluene (1.5 M in total aluminium) and 0.01 mmol of the organometallic compound 
described in example 4 in toluene were used. After 15 minutes of polymerization 5.6 g of polyethylene was obtained 
with M w 262,678 and 1 .43% by mol of 1 -hexene distributed at random. 

EXAMPLE 10 

To a glass reactor of 1 liter, previously dried and outgased, 600 ml of n-heptane and 8 ml of dry and just-distilled 
1 -hexene were added. The temperature was raised to 70° C and the solvent was stirred at 1 200 rpm. When the thermal 
equilibrium was achieved, the medium was saturated with ethylene at a pressure of 4 bar. 10 ml of a MAO solution in 
toluene (1.5 M in total aluminium) and 2 bar of ethylene was added. The pressure was raised to 4 bar and 2 minutes 
later 0.01 mmol of the organometallic compound described in example 2 was added. The system was fed with ethylene 
for 15 minutes and then the polymerization was stopped by closing the ethylene flux and adding 20 ml of acidified 
methanol. 1.9 g of polyethylene was obtained with M w 567066 and 0.65% by mol of 1 -hexene distributed at random 

EXAMPLE 11 . 

To a glass reactor of 1 liter, previously dried and outgased, 600 ml of n-heptane and 8 ml of dry and just-distilled 
1 -hexene were added. The temperature was raised to 70°C and the solvent was stirred at 1 200 rpm. When the thermal 
equilibrium was achieved, the medium was saturated with ethylene at a pressure of 4 bar. 10 ml of a MAO solution in 
toluene (1.5 M in total aluminium) and 2 bar of ethylene was added. The pressure was raised to 4 bar and 2 minutes 
later 0.01 mmol of the organometallic compound described in example 1 was added. The system was fed with ethylene 
for 15 minutes and then the polymerization was stopped by closing the ethylene flux and adding 20 ml of acidified 
methanol. 8.3 g of polyethylene was obtained with M w 69,470 and 0.2% content of 1 -hexene distributed at random 

EXAMPLE 12 

Ethylene and 1 -hexene were copolymerized. For that, the identical method as in the example 11 was used, but 
once the solvent had been added and before pressurizing the reactor, 25 ml of dry and just-distilled 1 -hexene were 
injected. 10 ml of a MAO solution in toluene (1 .5 M in total aluminium) and 0.01 mmol of the organometallic compound 
described in example 1 in toluene were used. After 15 minutes of polymerization 9.3 g of polyethylene was obtained 
with M w 68,920 and 0.6% by mol of 1 -hexene distributed at random. 

EXAMPLE 13 ' 

a) Preparation of 1-re/1butvlamino-1.1-dimethyl-2-tetramethvlcvclopentadienvl silaethane 

A solution of 13 g (82 mmol) potassium tetramethylcyclopentadienide in tetrahydrofurane was added to a solution 
of 18.4 g (82 mmol) of 2^bromo-1-tertbutylamino-l,1 -dimethylsilaethane. The immediate formation of a pinkish solid 
was observed, the reaction was continued for 8 hours at reflux temperature, then it was concentrated to dryness and 
it was extracted with hexane, the resulting solution was evaporated in order to give a orange oil (9.8 g, 37.0 mmol, 
yield: 45%). 1 H-NMR (CDCI 3 ): 2.5(m,1H) s 1.9(s,6H), 1.85(s,6H), 1.12(s,9H), 1.00(m,2H), 0.10(s,6H). 

b) Preparation of the dilithium salt of 1-fe/1butvlamiho-1.1-dimethvl-2-tetramethylcvclopentadienvl silaethane 

11 .2 ml of 2.5 M solution (28 mmol) of butyllithium in hexane was added to a solution of 3.6 g (14 mmol) of 1-fer- 
ft>utylaniino-1,1-dimethyl-2-tetramethylcyclopentadienyl silaethane in ether at - 78°C. It was maintained under stirring 
for 4 hours, at the end it was concentrated to dryness, producing a whitish solid, which was twice washed with hexane 
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(3.3 g, 1 1 .2 mmol, yield: 80%). 

c) Preparation of [1 -fertbutvlamine-1,1-dlmethyl-2-tetramethvlcvclopenladtenvlsilaethane1 titanium dichloride 

A suspension of 2.5 g (9 mmo!) of thedilithium salt of 1 -fertbutylamino-1 ,1-dimethyl-2-tetramethylcyclopentadienyl 
silaethane in ether was prepared and it was added to a suspension of 1 .7.g (9 mmol) of titanium tetrachloride in ether 
at -78°C. The formation of a brownish solid was immediately observed,. the reaction was left under stirring for 1 2 hours, 
the suspension was concentrated in order to give a brown oily-solid, which was recrystallized in hexane to give a red 
microcrystalline solid (1.3 g, 3.4 mmol, yield: 46%). 1 H-NMR (C 6 D 6 ): 2.30(s,2H), 2.27(s,6H), 2.22(s,6H), 1.60(s,9H), 
0.50(s,6H). 

EXAMPLE 14 

Preparation of H -te/lbutvlaminde-1 , 1 -dimethvl-2-tetramethvlcvclopentadienvlsilaethanel zirconium dichloride 

A suspension of 3.88 g (14 mmol) of the dilithium salt of 1-/e/tbutylamino-1,1-dimethyl-2-tetramethylcyclopenta- 
dienyl silaethane in ether was prepared and it was added to a suspension of 3.3 g (14 mmol) of zirconium tetrachloride 
in ether at -78°C. The formation of a yelowish suspension was immediately observed, the reaction was left under 
stirring for 12 hours, the suspension was concentrated in order to give a yelow oily-solid, which was recrystallized in 
hexane to give a yelow microcrystalline solid (2.3 g, 5.4 mmol, yield: 39%). "»H-NMR (C 6 D 6 ): 2.20(s,6H), 2.13(s,6H), 
2.12(s,2H), 1.62(s,9H), 0.42(s,6H). 



Claims 

1. Catalyst component for the polymerization of alpha-olefins of general formula (I) 




wherein: 

M is a transition metal of groups 3, 4-10 of the periodic table of the elements, lanthanide or actinide; 
each X group, equal to or different from each other, is hydrogen, halogen, alkyl, cycloalkyl, aryl, alkenyl, ary- 
lalkyl, arylalkenyl or alkylaryl with 1 to 20 carbon atoms, linear or branched, the hydrogens of these groups 
are optionally substituted by SiR 3 , GeR 3 , OR, NR 2 , OSiR 3 groups or any combination thereof wherein R is 
selected from the group comprising: hydrogen, C^C 2 o alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 alkenyl, 
C 7 -C 20 arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, branched or linear; 

n is a number whose value is: 0, 1 , 2 or 3, in order to fill the remaining free valences of the metal M: L is a 
neutral Lewis base; 

z is a number whose value is: 0. 1, 2 or 3: 

A is a ring with delocalized n electrons, that directly coordinates to the transition metal M; 
R n is hydrogen, alkyl, cycloalkyl, aryl, alkenyl, arylalkyl, arylalkenyl or alkylaryl from 1 to 20 carbon atoms, 
linear or branched, whose hydrogens optionally are substituted by SiR 3 , GeR 3 , OR, NR 2 , OSiR 3 groups or 
any combination thereof wherein R is above defined; it optionally forms a condensed ring through another 
bond with E: 

each E group, equal to or different from each other, is BR m , CR ,V 2 , SiR ,M 2 , GeR m 2 ; at least one E is SiR m 2 ; 
each R m , equal to or different from each other, is hydrogen, alkyl, cycloalkyl, aryl, alkenyl, arylalkyl. arylalkenyl 
or alkylaryl with 1 to 20 carbon atoms, linear or branched, where hydrogens optionally are substituted by SiR^ 
GeR 3 , OR, NR 2 , OSiR 3 groups or any combination thereof wherein R is above defined: R IV has the same 
meaning of R" 1 or it is halogen; besides two group selected from R ,v and R l !» belonging to different E optionally 
form a cyclic structure. 
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2. Catalyst component according to claim 1, characterized in that in general formula (I) A is a cyclopentadienyl type 
of ring of formula C s F\ l 4% wherein each R 1 group equal to or different from each other is hydrogen, C r C 20 alkyl , 
C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 aikenyl, C 7 -C 20 arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, branched or linear, 
the hydrogens of these groups optionally are substituted by SiR 3 , GeR 3 , OR, NR 2? OSiR 3 groups or any combi- 
nation thereof wherein R is defined in claim 1 ; R 1 is also selected from the group comprising SiR 3 , GeR 3: OR, NR 2 , 
OSiR 3 groups or any combination thereof; two adjacent R* optionally unite in order to form a saturated or unsatu- 
rated polycyclic cyclopentadienyl ring, optionally substituted with R' groups. 

3. Catalyst component according to claim 1 -2, characterized in that in general formula (I) M is selected from the group 
consisting of zirconium, titanium or hafiiium. 

4. Catalyst component according to claims 1 -3 , characterized in that the bridging group E-E is CR ,v 2 -SiR ,,l 2 . 

5. Catalyst component according to claims 1 -4 characterized in that R n is tertbutyl. 

6. Catalyst system comprising a cocatalyst selected from the group consisting of: alkylaluminoxane, modified alumi- 
noxane and boron compound, and a catalyst component according to claims 1 -5. 

7. Catalyst system according to claim 6 characterized in that the cocatalyst is selected from the group comprising: 
methylaluminoxane; ethylaluminoxane, N.N-dimethylanilihium tetrakys (pentafluorbphenyOborate, and trispen- 
tafluorophenylborane. 

8. Process for obtaining polyolefins in solution, in suspension, in gas phase at low and high pressures and temper- 
atures or in mass at high pressure and high or low temperature, characterized by the use of the catalyst system 
according to claims 6-7. 

9. Process for obtaining polyolefins according to claim 8, characterized in that the polymerization temperature varies 
between -60°C and 300°C, the pressure varies between 1 and 4000 atmospheres, the transition metal concen- 
tration varies between 1 0" 7 and 1 0* 3 M, the cocatalyst is an aluminium organocomplex and the cocatalyst/transition 
metal molar ratio varies between 10 and 10000. 

10. Process for obtaining polyolefins according to claim 9 t characterized in that the polymerization temperature varies 
between -40°C and 220°C, tile pressure varies between 1 and 4000 atmospheres, the transition metal concentra- 
tion varies between 10" 6 and 10' 4 M, the cocatalyst is an aluminium organocomplex and the cocatalystAransition 
metal molar ratio varies between 500 and 1500. 

11 . Process for obtaining polyolefins according to claim 8, characterized in that the polymerization temperature varies 
between -60°C and 300°C, the pressure varies between 1 and 4000 atmospheres, the transition metal molar 
concentration varies between 1 0r 7 and 10* 3 , the cocatalyst is a boron compound and the cocatalyst/transition metal 
molar ratio varies between 0.5 and 10. 

. 12. Process for obtaining polyolefins according to claim 11 , characterized in that the polymerization temperature varies 
between -40*C and 220°C, the pressure varies between 1 and 4000 atmospheres, the transition metal concen- 
tration varies between 10* 6 and 10 -4 M, the cocatalyst is a boron compound and the cocatalystAransition metal 
molar ratio varies between 0.9 and 5. 

13. Process for obtaining polyolefins according to claims 8-1 2 ; characterized in that the monomer is ethylene. 

14. Process for obtaining ethylene copolymers according to claim 8-1 3 ? characterized in that the comonomer is se- 
lected from the group comprising: propene, 1 -butene, 1 -hexene; 1 -octene, 1 -hexadecene, 4-methyl-pentene, hex- 
adiene and styrene or mixtures thereof. 

15. Process for obtaining a compound of formula: 
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R U! 




wherein A, E, M, L, X, n, z, R 11 , R m and R ,v are defined in claims 1-5 characterized by the following steps 
reacting a compound of formula HA-SiR n, 2 -eR ,v 2 -6j wherein J : is lithium or hydrogen with an alkyl- or aryl- 
sulphonates according to the scheme: 

HA-SiR ,U 2 -CR IV 2 -OJ +CIS0 2 R a HA-SiR ll, 2 -CR ,V 2 -OS0 2 R a 

contacting the recovered product of step a) with an excess of an amine of formula NR n H 2 

HA-SiR M, 2 -CR ,V 2 -OS0 2 R a + H 2 NR U -> HA-SiR in 2 -CR ,V 2 -NHR M + HNR H -OS0 2 R a 

wherein R a is C^-C 2Q alkyl, perfuoralkyl or C 6 -C 20 aryl radical 

treating the compound of formula HA-SiR ,M 2 -CR ,v 2 -NHR n with two equivalents of an alkyl or aryl alkali metal 
salt, or with an alkali metal hydride or an alkali metal according to the following scheme: 

rIIIrIV 

HA i— i— NR"H + 

R IU rIV 



2M'R C 

2M'H 

2M' 



M'A— ii— i— NR"M' 
R ffl R lV 



wherein R a is -C 20 alkyl or C 6 -C 20 aryl and M 1 is selected from the group comprised: Li, Na and K contacting 
the compound of formula M , A-SiR ,,1 2 -CR IV 2 -NR ll M , with a metal M compound, of formula MKj or with an adduct 
of formula MX4-2L, or MX 3 -3L, wherein L is a linear or cyclic ether. 
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